ABSTRACT
asthenosphere is less than an order of magnitude weaker than the upper mantle, then the pattern 38 of temperature anomalies has narrow cylindrical upwellings and cold down going sheets. The 39 low-degree pattern of temperature anomalies is more consistent with the plate model than the 40 plume model (Foulger, 2007) .
41

INTRODUCTION
Parameterized Convection Approach
109
In contrast to the fluid mechanical approach to convection, the parameterized convection 110 approach allowed researchers to balance heat lost through the surface of the Earth with heat from 111 the formation of the Earth and radiogenic heat sources Peltier, 1978, 1979; Schubert, 112 1979; Sleep, 1979; Davies, 1980; Turcotte, 1980) . This approach made possible the study of the 113 thermal evolution of the Earth using essentially analytic models. An extensive review of thermal 114 history models can be found in Schubert et al. (2001) . Here I give a simple overview. 115 For an incompressible fluid, the conservation of energy equation states that any change in 116 temperature is related to the balance of the temperature advected into the region versus the heat 117 that diffuses across the boundary and the heat generated internally. This is expressed by the 118 equation below, 135 where Nu is the Nusselt number, the ration of heat flow to the heat flow due to conduction, T s is 139 and Ra crit is the critical value of the Rayleigh number for the onset of convection. In equation (4) 140 g is the acceleration due to gravity, α is the coefficient of thermal expansion, κ is the thermal 141 diffusivity, and η is the viscosity. It is straight-forward to add temperature-dependent viscosity 142 and radiogenic heat sources that follow an exponential decay (Schubert et al., 1980; Davies, 143 1980; Schubert et al., 2001 ). In the case of temperature-dependent rheology, the value of 144 viscosity used in the Rayleigh number has to be chosen and there are a variety of strategies. Some (Gurnis, 1989) . The value of β depends on the mechanics of the surface boundary layer, 164 demonstrating that the surface plays mechanics plays an important role in the heat flow and 165 hence thermal evolution of the Earth, consistent with arguments from Anderson (1994 Anderson ( , 2001 The importance of the asthenosphere in Earth's thermal evolution has been underscored by calculations is significant; however, the effects due to the mechanism that I use to mobilize the 312 surface are secondary for this problem. dimensional scaling for the models, which remain fixed in the calculations, are listed in Table 1 .
328
RESULTS
329
I present a series of 3D spherical calculations to illustrate the effects of rheology, radiogenic heat 330 sources (as opposed to a uniform rate of heating with time), and decreasing core-mantle boundary 331 temperature with time on the average internal mantle temperature and planform of convection 332 over the age of the Earth (Table 2) . 
353
In the plots which follow, I add a As such, trying to directly compare these calculations with the Earth or previous thermal history 518 calculations would be unproductive.
519
These calculations only begin to explore the parameter space for the thermal history of the 520
Earth, yet there are some interesting observations that can be drawn. Rayleigh number is a factor of 10 higher than the value used in DLA0-7.
